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(54) Three-dimensional antenna structure 

(57) An antenna for use at UHF and upwards has a cylindricr' r .. emic core (1", with a relative dielectric 
constant of at least 5. A three-dimensional radiating element stucture, cor.sistinc of helical antenna elements 
(10A - 10D) on the cylindrical surface of the core (12) and connecting radial elements (10AR - 10AD) on a distal 
end face (12D) of the core, is formed by conductor tracks plated directly on the core surfaces. At the distal end 
face the elements are connected to an axially located feed structure in a plated axial passage (14) of the core 
(12). The antenna elements are connected together by a plated sleeve (20) covering a proximal part of the core 
(12) which, in conjunction with the feeder structure, forms an integral balun for matching to an unbalanced 
feeder. 

Since the ceramic core fills the major part of the interior volume defined by the radiating clement 
structure, the antenna is very much smaller than an air-cored antenna. It is also mechanically robust and 
electrically stable. f , 
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This invention rda K s to an antenna for operation a, frequencies in excess of 200 MHz. 
^d in pantcular to an antenna which has a three-dimensional antenna eiement structure. 

British Patent No. 2258776 discloses an antenna which has a three-dtmens.onal antemta 
eiemen, structure by virtue of having a p.urality of helical elements arrayed around a 
common axis. Such an antenna is particularly useful for recetvmg s.gnals from satellites 
for example, in a GPS (global positioning system, receiver arrangement. The „ , 
capable of receiving circularly polarised signals from sources winch may be dtrecUy 
able the antenna, i.e. on its axis, or at a iocation a few degrees above a plan 
perpendicular to the antenna axis and passing through the aruenna. or from sources located 
anywhere in the solid angle between these extremes. 

While be.n, intended main* for reception of circular* polarised signals, such an — 
due to ,.s tn^imensionai structure, is also suitable as an omnidirecttonal antenna 
receiving vertically and horizontally polarised signals. 

One of the disadvantages of such an antenna is that in certain applicat.ons it is 
, !I sufficiently robust, and cannot eas.iy be modified to overcome this 

a performance penalty. For mis reason, antennas which are to recetve s.gnals from the sky 
in harsh environments, such as on the outside of an aircraft fuselage, are otten patch 
antennas, being s,m P .y plates (generally plated metallic square patches, ot conducive 
material mounted flush on an insulated surface which may be par, of the atrcraf, fusefcg. 
5 However, patch antennas tend to have poor gain at low angles of elevanon. Effons to 
overcome mis disadvantage have included using a p.uraUty of differently onen.ed patch 
antennas feeding a single receiver. This technique is expensive, not only due to the 
numbers of elements required, but also due to the difficulty of combining the recetved 
signals. 

30 according to one aspect of this invenuon an antenna for operation at a frequency in excess 
of -00 MHz comprises an electrically insulative antenna core of a matenal havmg a 
relative dielectric constant greater than 5. a three-dimensional antenna element structure 
disposed on or adjacent the outer surface of the core and defining an imenor space, and 

3 s a feeder structure which is connected to the element structure and passes through the core, 
the material of the core occupying the major pan of the said interior space. 


Typically the element structure comprises a plurality of antenna elements defining an 
envelope centred on a feeder structure which lies on a central longitudinal axis. The core 
is preferably a cylinder and the antenna elements preferably define a cylindrical envelope 
which is coaxial with the core. The core may be a cylindrical body which is solid with 
the exception of a narrow axial passage housing the feeder. Preferably, the volume of the 
solid material of the core is at least 50 per cent of the internal volume of the envelope 
defined by the elements, with the elements lying on an outer cylindrical surface of the 
core. The elements may comprise metallic conductor tracks bonded to the core outer 
surface, for example by deposition or by etching of a previously applied metallic coating. 
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For reasons of physical and electrical stability, the material of the core may be ceramic, 
e.e. a microwave ceramic material such as a zirconium-titanate-based material, 
magnesium calcium titanate. barium zirconium tantalate. and barium neodymium titanate. 
or a combination of these. The preferred relative dielectric constant is upwards of 10 or. 
1 5 indeed. 20. with a figure of 36 being attainable using zirconium-titanate-based material. 
Such materials have negligible dielectric loss to the extent that the Q of the antenna is 
governed more by the electrical resistance of the antenna elements than core loss. 

A particularly preferred embodiment of the invention has a cylindrical core of solid 
20 material with an axial extent at least as great as its outer diameter, and with the diametrical 
extent of the solid material being at least 50 per cent of the outer diameter. Thus, the core 
may be in the form of a rube having a comparatively narrow axial passage of a diameter 
at most half the overall diameter of the core. The inner passage may have a conductive 
lining which forms part of the feeder structure or a screen for the feeder structure, thereby 
25 closely defining the radial spacing between the feeder structure and the antenna elements. 
This helps to achieve good repeatability in manufacture. This preferred embodiment has 
a plurality of generally helical antenna elements formed as metallic tracks on the outer 
surface of the core which are generally co-extensive in the axial direction. Each element 
is connected to the feeder structure at one of its ends and to a ground or virtual ground 
30 conductor at its other end. the connections to the feeder structure being made with 
generally radial conductive elements, and the ground conductor being common to all of 
the helical elements. 

According to another aspect of the invention, an antenna for operation at a frequency in 
35 excess of 200 MHz comprises a solid electrically insulative antenna core which has a 
central longitudinal axis and is made of a material having a relative dielectric constant 


oreater than 5. a feeder structure extending through the core on the central axis. and. 
"disposed on the outer surface of the core, a radiating element structure comprising a 
plurality of antenna elements which are connected to the feeder structure at one end of the 
core and extend in the direction of the opposite end of the core to a common 
interconnect conductor. The core preferably has a constant external cross-section in 
the axial direction, with the antenna elements being conductors plated on the surface of 
the core. The antenna elements may comprise a plurality of conductor elements extending 
loneitudinallv over the portion of the core having a constant external cross-section, and 
a plurality of radial conductor elements connecting the longitudinally extending elements 
to the feeder structure at the said one end of the core. The phrase "radiating element 
structure" is used in the sense understood by those skilled in the an. that ,s to mean 
elements which do not necessarily radiate energy as they would when connected to a 
transmitter, and to mean, therefore, elements which either collect or radiate 
electromaenetic radiation energy. Accordingly the antenna devices which are the subject 
of this specification may be used in apparatus which only receives signals, as well as in 
apparatus which both transmits and receives signals. 

Advantageously the antenna includes an integral balun formed by a conductive sleeve 
extending over part of the length of the core from a connection with the feeder structure 
at the above-mentioned opposite end of the core. The balun sleeve may thus also form the 
common conductor for the longitudinally extending conductor elements. In the case ot 
the feeder structure comprising a coaxial line having an inner conductor and an outer 
screen conductor, the conductive sleeve of the balun is connected at the said opposite end 
of the core to the feeder structure outer screen conductor. 

The preferred antenna, having a core which is a solid cylinder, includes an antenna 
element structure comprising at least four longitudinally extending elements on the 
cylindrical outer surface of the core and corresponding radial elements on a distal end face 
of the core connecting the longitudinally extending elements to the conductors of the 
0 feeder structure. Preferably, these longitudinally extending antenna elements are ot 
different lengths. In particular, in the case of an antenna having four longitudinally 
extending elements, two of the elements are of greater length than the other two by virtue 
of following meandered paths on the outer surface of the core. In the case of an antenna 
for circularly polarised signals, all four elements follow a generally helical path, the 
3S longer of the two elements each following a meandering course which deviates, 
preferably, sinusoidally on each side of a helical centre line. The conductor elements 


connecting the longitudinally extending elements to the feeder structure at the distal end 
of the core axe preferably simple radial tracks which may be inwardly tapered. 

Using the above-described features it is possible to make an antenna which is extremely 
robust due to its small size and due to the elements being supported on a solid core of 
rigid material. Such an antenna can be arranged to have the same low-horizon omni- 
directional response as the prior art antenna which is mainly air-cored but with robustness 
sufficient for use as a replacement for patch antennas in certain applications. Its small size 
and robustness render it suitable also for unobtrusive vehicle mounting and for use in 
handheld devices. It is possible in some circumstances even to mount it directly on a 
printed circuit board. Since the antenna is suitable for receiving not only circularly 
polarised signals, but also vertically or horizontally polarised signals, it may be used not 
only in satellite navigation receivers but also in different types of radio communication 
apparatus such as handheld mobile telephones, an application to which it is particularly 
suited in view of the unpredictable nature of the received signals, both in terms of the 
direction from which they are received, and the polarisation changes brought about 
through reflection. 

Expressed in terms of operating wavelength in air X. the longitudinal extent of the antenna 
elements, i.e. in the axial direction, is typically within the range of from 0.03 A. to 0.06A.. 
and the core diameter is typically 0.02X to 0.03X. The track width of the elements is 
typically 0.001 5k to 0.0025X. while the deviation of the meandered tracks from a helical 
mean path is 0.003 5k to 0.0065 A. on each side of the mean path, measured to the centre 
of the meandered track. The length of the balun sleeve is typically in the range of from 
0.03X to 0.06A.. 

According a third aspect of the invention, there is provided an antenna for operation at a 
frequency in excess of 200 MHz. wherein the antenna comprises an antenna element 
structure in the form of at least two pairs of helical elements formed as helices having a 

0 common central axis, a substantially axially located feeder structure having an inner feed 
conductor and an outer screen conductor with each helical element having one end 
coupled to a distal end of the feeder structure and its other end connected to a common 
cround or virtual ground conductor, and a balun comprising a conductive sleeve located 
coaxially around the feeder structure, the sleeve being spaced from the outer screen of the 

35 feeder structure by a coaxial layer of insulative material having a relative dielectric 
constant greater than 5. wuh the proximal end of the sleeve connected to the feeder 


structure outer screen. Preferably, the axial length of the helical elements is greater than 
the length of the sleeve of the balun. The sleeve conductor of the balun may also form the 
common conductor, with each helical element terminating at a distal edge of the sleeve. 
In an alternative embodiment, the distal edge of the sleeve is open circuit, and the 
5 common conductor is the outer screen of the feeder structure. 

The invention also includes, from another aspect, a method of manufacturing an antenna 
as described above, comprising forming the antenna core from the dielectric material, and 
metallising the external surfaces of the core according to a predetermined pattern. Such 

1 0 metallisation may include coating external surfaces of the core with a metallic material 
and then removing ponions of the coating to leave the predetermined pattern, or 
alternatives a mask mav be formed containing a negative of the predetermined partem, 
and the metallic material is then deposited on the external surfaces of the core while using 
the mask to mask portions of the core so that the metallic material is applied according to 

1 5 the pattern. Other methods of depositing a conductive pattern of the required form can 
be used. 

A particulars advantageous method of producing an antenna having a balun sleeve and 
a pluralitv of antenna elements forming part of a radiating element structure, comprises 
^0 the steps of providing a batch of the dielectric material, making from the batch at least one 
test antenna core, and then forming a balun structure, preferably without any radiating 
element structure, bv metallising on the core a balun sleeve having a predetermined 
nominal dimension which affects the frequency of resonance of the balun structure. The 
resonant frequency of this test resonator is then measured and the measured frequency is 
^5 used to derive an adjusted value of the balun sleeve dimension for obtaining a required 
balun structure resonant frequency. The same measured frequency can be used to derive 
at least one dimension for the antenna elements of the radiating element structure to give 
a required antenna elements frequency characteristic. Antennas manufactured from the 
same batch of material are then produced with a balun sleeve and antenna elements having 
30 the derived dimensions. 

The invention will now be described by way of example with reference to the drawings 
in which:- 

35 Figure 1 is a perspective view of an antenna in accordance with the invention: 


Fieure 2 is a diagrammatic axial cross-section of the antenna: 


Figure 3 is a fragmentary perspective view of part of the antenna: 
Fieure 4 is a cut-away perspective view of a test resonator: 
Figure 5 is a diagram of a test rig including the resonator of Figure 4. and 
Figure 6 is a diagram of an alternative test rig. 

Referring to the drawings, a quadrifilar antenna in accordance with the invention has an 
antenna element structure with four longitudinally extending antenna elements 10A. 10B. 
IOC. and 10D formed as metallic conductor tracks on the cylindrical outer surface of a 
ceramic core 12. The core has an axial passage 14 with an inner metallic lining 16. and 
the passage houses an axial feeder conductor 18. The inner conductor 18 and the lining 
16 in this case form a feeder structure for connecting a feed line to the antenna elements 
10A - 10D. The antenna element structure also includes corresponding radial antenna 
elements 1 OAR. 10BR. 10CR. 10DR formed as metallic tracks on a distal end face 12D 
of the core 12 connecting ends of the respective longitudinally extending elements 10A 
-10D to the feeder structure. The other ends of the antenna elements 10A - 10D are 
connected to a common virtual ground conductor 20 in the form of a plated sleeve 
surrounding a proximal end portion of the core 12. This sleeve 20 is in turn connected to 
the lining 16 of the axial passage 14 by plating 22 on the proximal end face 12P of the 
core 12. 

As will be seen from Figure 1. the four longitudinally extending elements 10A - 10D are 
of different lengths, two of the elements 10B. 10D being longer than the other two 10A. 
10C by virtue of following a meandering course. In this embodiment, intended for 
circularly polarised signals, the shorter longitudinally extending elements 10A. 10C are 

) simple helices, each executing a half rum around the axis of the core 12. In contrast, the 
longer elements 10B. 10D each follow a respective meandering course which is sinusoidal 
in shape, deviating on either side of a helical centre line. Each pair of longitudinally 
extending and corresponding radial elements (for example 10A. 10AR) constitutes a 
conductor having a predetermined electrical length. In the present embodiment, it is 

5 arranged that the total length of each of the element pairs 10A. 10AR: IOC. 10CR having 
the shorter length corresponds to a transmission delay of approximately 135° at the 
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operating wavelength, whereas each of the element pairs 10B. 10BR: 10D. lODRproduce 
a loneer delav, corresponding to substantially 225°. Thus, the average transmission delay 
is 180- equivalent to an electrical length of X/2 at the operating wavelength. The 
differing lengths produce the required phase shift conditions for a quadrifilar helix antenna 
for circularly polarised signals specified in Kilgus. "Resonant Quadrifilar Helix Design". 
The Microwave Journal. Dec. 1970. pages 49-54. Two of the element pairs IOC. 10CR: 
10D 10DR (i.e. one long element pair and one short element pair) are connected at the 
inner ends of the radial elements 10CR. 10DR to the inner conductor 18 of the feeder 
structure at the distal end of the core 12, while the radial elements of the other two 
element pairs 10A, 10AR: 10B. 10BR are connected to the feeder screen formed by 
metallic lining 16. At the distal end of the feeder structure, the signals present on the 
inner conductor 18 and the feeder screen 16 are approximately balanced so that the 
antenna elements are connected to an approximately balanced source or load, as will be 
explained below. 

The effect of the meandering of the elements 10B. 10D is that propagation of a circularly 
polarised signal along the elements is slowed in the helical direction compared with the 
speed of propagation in the plain helices 10A. 10C. The sealing factor by which the path 
leneth is extended bv the meandering can be estimated using the following equation:- 
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Path length factor = [ / cos { tan ■: , an coa , n <D>]> 


da> ] / 2 n 
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where:- . j- 

4> is the distance along the centre line of the meandered track, expressed in radians: 

a is the amplitude of the meandered path, also in radians; and 

n is the number of cycles of meandering. 

With the left handed sense of the helical paths of the longitudinally extending elements 
10A - 10D. the antenna has its highest gain for right hand circularly polarised signals. 

"0 

If the antenna is to be used instead for left hand circularly polarised signals, the direction 
of the helices is reversed and the panem of connection of the radial elements is rotated 
throueh 90°. In the case of an antenna suitable for receiving both left hand and right hand 


circularlv polansed sienals. albe.t with less gam. the longitudinally extending elements 
can be arraneed to follow paths which are generally parallel to the axis. Such an antenna 
is also suitable for use with vertically and horizontally polansed signals. 

In the preferred embodiment, the conductive sleeve 20 covers a proximal pomon of the 
antenna core 1 2. therebv surrounding the feeder structure 16.18. with the material of the 
core 12 filline the whole of the space between the sleeve 20 and the metallic hning 1 6 ot 
the axial passaee 14. The sleeve 20 forms a cylinder hav.ng an axial length / B as show m 
Figure 2 and is connected to the lining 1 6 by the plating 22 of the proximal end face 1 2P 
of the core 12. The combination of the sleeve 20 and plating 22 forms a balun so mat 
signals in the transmission line formed by the feeder structure 16. 18 are convened 
between an unbalanced state at the proximal end of the antenna and a balanced state at an 
axial position approximately ,n the plane of the upper edge 20U of the sleeve 20. To 
achieve this effect, the length / B is such that. ,n the presence of an underlying core material 
of relativelv hish relative dielectric constant, the balun has an electrical length ot X/4 at 
the operatine frequency of the antenna. Since the core material of the antenna has a 
foreshortening effect, and the annular space surrounding the inner conductor 1 8 is tilled 
with an insulatme dielectric material 17 having a relatively small dielectric constant, the 
feeder structure distallv of the sleeve 20 has a short electncal length. Consequently, 
sienals at the distal end of the feeder structure 16. 18 are at least approximately balanced. 
(The dielectric constant of the insulation in a semi-ngid cable is typically much lower than 
that of the ceramic core material referred to above. For example, the relative dielectric 
constant e f of PTFE is about 2.2.) 

5 The antenna has a main resonant frequency of 500 MHz or greater, the resonant frequency 
beine determined bv the effective electrical lengths of the antenna elements and. to a 
lesser deeree. bv their width. The lengths of the elements, for a given frequency ot 
resonance, are also dependent on the relative dielectric constant of the core material, the 
dimensions of the antenna being substantially reduced with respect to an air-cored 

0 similarly constructed antenna. 

The preferred material for the core 12 is zirconium-titanate-based material. This material 
has the above-mentioned relative dielectric constant of 36 and is noted also tor ,ts 
dimensional and electncal stability with varying temperature. Dielectnc loss is negligible. 
?5 The core may be produced by extrusion or pressing. 


The antenna elements 10A - 10D. 10AR - 10DR are metallic conductor tracks bonded to 
the outer cvlindrical and end surfaces of the core 12. each track being of a width at least 
four times'its thickness over its operative length. The tracks may be formed by initially 
plating the surfaces of the core 12 with a metallic layer and then selectively etching away 
; L laver to expose the core according to a pattern applied in a photograph* layer similar 
to that used for etching printed circuit boards. Alternately, the metallic material may 
be applied bv selective deposition or by priming techniques. In all cases, the formation 
of the tracks as an integral layer on the outside of a dimensionally stable core leads to an 
antenna having dimensionally stable antenna elements. 

0 With a core material hiving a substantially higher relative dielectric constant than that of 
3ire2€= 36. an antenna as described above for L-band GPS reception at 1,7, MHz 
tvpicallv has a core diameter of about 5mm and the longitudinally extending antenna 
elements 10A - 10D have a longitudinal extent (i.e. parallel to the central axis) ot about 
,5 8mm The width of the elements 10A - 10D is about 0.3mm and the meandered elements 
,0B 10D deviate from a helical mean path by up to about 0.9mm on each s.de ot the 
mean path, measured to the centre of the meandered track. Typically, there are tive 
complete sinusoidal cycles of meander in each element 10B. 10D to produce the required 
90° phase difference between the longer and shorter of the elements 10A- 10D. At 157, 
^0 MHz. the lenath of the balun sleeve 22 is typically in the region of 8mm or less. 
Expressed in terms of the operating wavelength X in air. these dimensions are. tor the 
,on e itudinal (axial) extent of the elements 10A - 10D: 0.042X. for the core diameter: 
0 0-6X for the balun sleeve: 0.042X or less, for the track width: 0.002X. and tor the 
deviation of the meandered tracks: up to 0.005X. Precise dimensions ot the antenna 
->5 elements 1 OA - 1 OD can be determined in the design stage on a trial and error basis by 
undertaking eigenvalue delay measurements until the required phase difference is 
obtained. 

In eeneral. however, the longitudinal extent of elements 10A - 10D is between 0.03X and 
30 0 06X. the core diameter between 0.02X to 0.03X. the balun sleeve between 0.03X to 
0.06X. the track width between 0.001 5X to 0.0025X. and the deviation of the meandered 
tracks up to 0.0065X. 

*s a result of the verv small size of the antenna, manufacturing tolerances may be such 
3 ^ "that the precision with which the resonant frequency of the antenna can be maintained is 
insufficient for certain applications. In these circumstances, adjustment of the resonant 
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frequency can be broueht about by removing plated metallic material from the core 
surface e a bv laser erosion of part of the balun sleeve 20 where it meets one or more of 
the antenna elements 10A - lOD.as shown in Figure 3. Here, the sleeve 20 has been 
eroded to produce notches 28 on either side of the junction with the antenna element I OA 
; to lengthen the element, thereby reducing its resonant frequency. Alternatively, the 
metallic material can be chemically removed by etching using, for instance, a resist 
coating with an aperture or apertures in registry with the material to be etched. Shot blast 
erosion mav be used instead, small panicles of abrasive material being fired from a fine 
nozzle against the metallic portions to be eroded. .An apertured mask may be used to 

0 protect surrounding material. 

\ significant source of production variations in resonant frequency is the variability of the 
relative dielectric constant of the core material from batch to batch. In a preferred method 
of manufacturing the antenna described above, a small sample of test resonators is 

1 < pro duced from each new batch of ceramic material, these sample resonators preferably 

each havine an antenna core dimensioned to correspond to the nominal dimension of the 
core of the antenna and plated only with the balun. as shown in Figure 4. Referring to 
Figure 4 the test core 12T. in addition to having a plated balun sleeve 20T. also has a 
plated proximal 'face 12PT. The inner passageway 14T of the core 12T may be plated 
^0 between the proximal face 12PT and the level of the upper edge 20UT of the balun sleeve 
PT or. as is shown in Figure 4. it may be plated over us whole length with a metallic 
lining 16T. The external surfaces of the core 12T distally of the balun sleeve 20T are 
preferably left unplated. 

-5 The core 12T is pressed or extruded from the ceramic material batch to nominal 
dimensions, and the balun sleeve is plated with a nominal axial length. This structure 
forms a quarter-wave resonator, resonating at a wavelength k corresponding 
approximately to four times the electrical length of the sleeve 20T when fed at the 
proximal end of the passage 14T where it meets the proximal end face 12PT of the core. 


30 


Next, the resonant frequency of the test resonator is measured. This can be performed as 
shown diaerammatically in Figure 5 by taking a network analyzer 30 and coupling its 
swept frequency source 30S to the resonator, here shown by the reference numeral 32T. 
using, for example, a coaxial cable 34 with the outer screen removed over the length of 
a short end portion 34E. End portion 34E is inserted in the proximal end of the passage 
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UT (see Figure 4) with the outer screen of cable 34 connected to the metallised layer 16T 
adjacent the proximal face 12PT of the core 12T. and with the inner conductor of the cable 
'4 lvin e approximately centrally in the passage 14T to provide capacitive coupling of the 
"swept frequency source inside the passage 14T. Another cable 36. wi«h its end portion 
36E having the outer screen similarly cut back, is connected to the signal return 3 OR of 
the network analvzer 30 and is inserted in the distal end of the passage 1 4T of the core 
PT The network analvzer 30 is set to measure signal transmission between source 30S 
and return 30R and a characteristic discontinuity is observed at the quarter-wave resonant 
frequency. Alternatively, the network analyzer can be set to measure the reflected signal 
at the swept frequency source 30S using the single cable arrangement shown m Figure 6. 
Again, a resonant frequency can be observed. 

The actual frequency of resonance of the test resonator depends on the relative dielectric 
constant of the ceramic material forming the core 12T. An experimentally derived or 
calculated relationship between a dimension of the balun sleeve 20T. for example, its axial 
leiunh. on the one hand and resonant frequency on the other hand, can be used to 
determine how that dimension should be altered for any given batch of ceramic material 
in order to achieve the required resonant frequency. Thus, the measured frequency can 
be used to calculate the required balun sleeve dimension for all antennas to be made from 
that batch. 

This same measured frequency, obtained from the simple test resonator, can be used to 
adjust the dimensions of the radiating element structure of the antenna, in particular the 
axial length of the antenna elements 10A - 10D plated on the cylindrical outer surface ot 
5 the core distallv of the sleeve 20 (using reference numerals from Figures I and 2). Such 
compensation for variations in relative dielectric constant from batch to batch may be 
achieved by adjusting the overall length of the core as a function of the resonant frequency 
obtained from the test resonator. 

0 Usine the above-described method, it may be possible, depending on the accuracy with 
which the frequency characteristics of the antenna are to be set. to dispense with the laser 
trimming process described above with reference to Figure 3. Although it is possible to 
use a complete antenna as a test sample, the advantage of using a resonator as described 
above with reference to Figure 4. i.e. without a radiating element structure, is that a simple 

35 resonance can be identified and measured in the absence of interfering resonances 
associated with the radiating structure. 


The above-descnbed balun arrangement of the antenna, being plated on the same core as 
,he antenna elements, is formed s.multaneously with the antenna elements. a,d be.ng 
, nt ecral with the reminder of the antenna, shares its robustness and electncal stabthty 
Since ,, forms aplated externa! shell for the proxtmal portton of me core 1-. u can be used 
for direct mounttng of the antenna on a pnnted circuit board, as » F,*™ -. F» 

examp.e. if me antenna is to be end-mounted, the proximal end face 12P can be d.rec.y 
soldered to a .round plane on the upper face of a primed circutt board 24 .shown ,n chatn 
lines in Figure 2). With the inner feed conductor 1 8 passing directly through a plated hole 
^6 in the board for soldering to a conductor track on the lower surface. S.nce the 
conductor sleeve 20 is formed on a so.id core of material having a high relative d.e.ectnc 
constant, the dimensions of the sleeve to achieve the returned 90" phase shift are much 
smaller than those of an equivalent balun section ,n a,r. The electncal distance between 
the feeder screen 16 at the proxtmal end of the core 12 and the upper edge _0L ts * 4. A 
a result the edee 20U is electrically isolated from ground. Currents m the helical 
dements 10A to 1 0D flow annularly a. the upper edge 20U to sum to zero. 

,t is poss.Me within the scope of the invention to use altemattve balun and feeder 
structures. For example, the feeder smio « may have associated w«h it a balun mounted 
a, ,eas, partlv extemal.y of the — co~ 12. Thus, a balun can be effected by dtv.dtng 
) a coaxial feeder cable tnto two coaxial transmission lines acting in parallel, one ban. 
,„neer than the other by an electrical length of «. the other ends of these parallel- 
connected coaxial transmission lines havmg thetr inner conductors connected to a parr of 
,„ner conductors passing through the passageway 14 of the core 12 to be connected to 
respective pans of the radial antenna elements 10AR. 10DR: 10BR. 10CR. 

*s another alternative, the antenna element, 10A - 10D can be grounded directly to an 
annular conductor a. the proximal edge of the cyl.ndncal surface of the core 1 2. a balun 
bein* formed bv an extension of the feeder structure having a coaxial cable formed tnto. 
for e'xample. a spiral on the proximal end face 12P of the core, so that the cable sp.rals 
,0 outwardlv from the inner passage 14 of the core to meet the annular conductor at the outer 
" ed« of the end face 1 2P where the screen of the cable is connected to the annular 
- conductor. The length of the cable between the inner passageway 1 4 ol the core 1 . and 
Vhe connection to the annular nng is arranged to be X/4 (elecmcal lenphi at the operattng 
frequency. 
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Ml of these arrangements configure the antenna for circularly polarised signals. Such an 
antenna is also se'nsitive to bo,h vertically and horizontally polarised s.gnals. but unless 
the antenna is specifically intended for tin** polarised signals, the balun arrangement 
can be omitted. The antenna may be connected directly to a stmple coaxtal feede, the 
< inner conductor of the feeder being connected to all four radial antenna elements 10AR - 
' 10DR at the upper face of the core 12. and the coaxial feeder screen being coupled to a. 
four lon.itudina.lv extending elements 10A - 10D via radial conductors on the prox.mal 
face PPof the core 12. Indeed, in less critical applications, the element 10A- lODneed 
no. be'helical in their conjuration, bu, it is merely sufficient that th. — element 
, 0 structure as a whole, comprising the elements and their connections to the feeder structure^ 
should be a three-dimensional structure so as to be responsive to bo* vemcal y and 
horizontal polarised s.gnals. It is possible, for example, to have an antenna element 
structure compnsme two or more antenna elements each w,th an upper radtal connecung 
portion as in the illustrated embodiment, but also with a similar lower radial connecung 
, 5 portion and with a s.ratgh. portion connecting the radial portions, parallel to the central 
axis Other configurations are possible. This simplified structure is P*""*"* 
applicable for cellular mobile telephony. A notable advantage of the antenna for handheld 
mobile telephones is mat the dielectric core largely avoids detuning when the antenna ,s 
brought close to the head of the user. This is in addition to the advantages of small s.ze 
20 and robustness. 

As for the feeder structure wuhin the core 12. in some circumstances it may be convement 
"to use a pre-formed coaxial cable inserted instde the passage 14, with the cable emerging 
at the end of the core opposite to the radial elements 10AR to 10DR to make a connection 
-5 with recetver circuitrv. for example, in a manner other than by the direct connection to a 
printed circuit board described above with reference to Fig. 2. In this case the outer screen 
of the cable should be connected to the passage lining 16 at two. preferably more, spaced 
apart locations. 

30 In most applications the antenna is enclosed in a protective envelope which is typically 
a thin plastics cover surrounding the antenna either with or without an intervening space. 
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CLAIMS 


, An antenna for operation at a frequency in excess of 200 MHz. comprising an 

electncaUv msulative antenna core of a matenal having a relative d.electnc constant 
ereater than 5. a three-dimensional antenna demon structure disposed on or adjacent the 
outer surface of the core and defining an interior volume, and a feeder structure wh,ch » 
connected to the element structure and passes through the core, the material ot the core 
occupying the major part of the said interior volume. 

An antenna according to claim 1. wherein the antenna element structure 
comprises a plurality of antenna elements defining an envelope centred on a central 
,ongitudinal axis of the antenna, and wherein the feeder structure is coincident w.th the 

said axis. 

.An antenna according to claim 2. wherein the core is a cylinder and the antenna 
elements define a cylindrical envelope which is coaxial with the core. 

4 An antenna according to claim 2 or claim 3. wherein the core is a cylindrical 

body which is solid with the exception of an axial passage housing the feeder structure. 

An antenna according to claim 4. wherein the volume of the solid material of 
Jhe core is at least 50 per cent of the internal volume of the envelope defined by the 
elements, with the elements lying on an outer cylindrical surface of the core. 

5 6 . An antenna according to any of claims 2 to 5. wherein the elements comprise 

metallic conductor tracks bonded to the core outer surface. 


7. An antenna 

is a ceramic. 


according to any preceding claim, wherein the material of the core 


*0 


8. .An antenna according to claim 7. wherein the relative dielectric constant of the 

material is greater than 10. 

9 An antenna according to claim 1 . having a cylindrical core of solid material wnth 

35 an axial extent at least as great as its outer diameter, and with the diametncal extent ot the 
solid material being at least 50 per cent of the outer diameter. 


,0 M, antenna according .0 claim 9. wherein .he core is in the form of a tube 

ha v,n 8 an axtal passage of a diameter less man a half of Us overall diameter, the ,nner 

passage having a conductive lining. 

, , An antenna according to claim 9 or claim 1 0. wherein the antenna element 

structure comprises a plurality of generally helical antenna elements formed as metall.c 
tracks on the outer surface of the core which are generally co-extensive ,n the axtal 

direction. 

, , An antenna according to claim 1 1 . wherein each helical element is connected 

to" the feeder structure at one of its ends and to at least one of the other helical elements 

at its other end. 

p An antenna according to claim 12. wherein the connections to the feeder 

suture are made wi«h generally radial conductive elements, and each helical element ,s 
connected to a ground or virtual ground conductor which is common to all of the hehcal 

elements. 

,4 An antenna for operation at a frequency in excess of 200 MHz. comprising a 

) solid electrically insulative antenna core which has a central longitudinal axis and ,s made 
of a material havine a relative dielectric constant greater than 5. a feeder structure 
extendine throueh the core on the central axis. and. disposed on the outer surface ot the 
core a plurality" of antenna elements which are connected to the feeder structure at one 
end of the core and extend in the direction of the opposite end of the core to a common 
5 interconnecting conductor. 

1 < An antenna according to claim 1 4. wherein the core has a constant external 

cross-section in the axial direction, with the antenna elements being conductors plated on 
the surface of the core. 


30 


16 An antenna according to claim 1 5. wherein the antenna elements comprise a 

plurality of conductor elements extending longitudinally over the portion ot the core 
havine a constant external cross-section, and a plurality of radial conductor elements 
conne'etine the longitudinally extending elements to the feeder structure at the sa.d one 


end ofthe core. 


10 


16 

17 An antenna according to claim 16. including an integral balun formed by a 
conducive sleeve extending over pan of the length of the core from a connection with the 
feeder structure at the said opposite end of the core. 

18 An antenna according to claim 1 7. wherein the balun sleeve forms the common 
conductor for the longitudinally extending conductor elements, and wherein the teeder 
structure comprises a coaxial line having an inner conductor and an outer screen 
conductor, the conductive sleeve of the balun being connected at the said opposite end ot 
the core to the feeder structure outer screen conductor. 

19 An antenna according to any of claims 1 4 to 1 8. wherein the core is a solid 

cvlinder. and wherein the antenna elements comprise at least four longitudinally extending 
elements on the cylindrical outer surface of the core and corresponding radial elements 
on a distal end face of the core connecting the longitudinally extending elements to the 
1 5 conductors of the feeder structure. 

20. An antenna according to claim 19. wherein the longitudinally extending 

elements are of different lengths. 

-iO "1 An antenna according to claim 20. wherein the antenna elements comprise four 

longitudinally extending elements, two of which are of greater length than the other two 
by virtue of following meandered paths on the outer surface of the core. 

An antenna according to claim 21. wherein each of the four longitudinally 
^ "extendine elements follow a respective generally helical path, the longer of the two 
elements each following a respective meandering course which deviates to either side ot 
a helical centre line. 

23. An antenna according to any of claims 19 to 22. wherein the radial elements are 

30 simple radial tracks which are all the same length. 

-4 An antenna accordine to any preceding claim, having a plurality of antenna 

elements with a loneirudinal extent in the range of from 0.03X to 0.06X. the core diameter 
being in the range of from 0.02X to 0.03X. where k is the operating wavelength of the 

?5 antenna in air. 


4 
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. * f 74 and claim 1 7 or claim 1 8. wherein the length 

^5 An antenna according to claim 24 ana ciaun 

of the balun sleeve is in the range of from 0.03X to 0.06X. 

, 6 An antenna for operate at a frequency in excess of 200 MHz. compnsing an 

• u f^nf at least two pairs of helical elements tormed as 

^~~»^^r^LJy axially .ocated feeder structure 
helices having a common central «a. ^ 

Ta common grouL or virtual ground condor, and a balun compnstng a c onduce 
lev. .ocated coaxiaUy around .he feeder structure, the sleeve bemg spaced from the 
outer screen of the feeder structure by a coaxial .aver of ,nsu.a,ive matena. havng a 
:ZZZ^ constant greater than 5. with the proximal end of the sleeve connected 
to the feeder structure outer screen. 

forms the common grounding conductor, wtth each helical element term.naung a, a dtstal 

edge of the sleeve. 

*n antenna according to Cairn 26. wheretn the distal edge of the sleeve is open 
20 ctrcutt. and the common conductor is the outer screen of the feeder structure. 

Radio communtcation apparatus havtng an antenna according to any preceding 
^.m. wheretn the antenna is mounted directly on a pnnted ecu,, board form.ng par, o, 

the apparatus. 

30 < method of manufacturing an antenna as claimed ,n any preceding claim 

compnsing formtng the antenna core from the dielectric material, metallising the external 
surfaces of the core according to a predetermined partem. 

-, , k method according to claim 30. wherein the metallisation step includes coating 

^ external surfaces of the core wtth a metallic matena. and removing pomons o. the 
coating to leave the predetermined pattern. 

3 , \ method according to claim 30. wherein the metallisation step includes 

fo'rmme amask containing a negative of the sa,d predeterm.ncd pattern .and depositing a 
metalhc material on the external surfaces of the core while using the mask to mask 
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35 


18 


portions of the core so that the metailic matenal is applied according ,o the predetermmed 

pattern. 

33. A method of manufactunng a plurality of antennas as claimed in any of claims 

5 1 7. 18 and 25 to 29 comprising:- 

providing a batch of the dielectric material: 
making from the batch at least one test antenna core; 

forming a balun structure by metallising on the core a balun sleeve having a 
predetermined nominal dimension which affects the frequency of resonance o. the balun 

dimension for obtaining a requ.red balun structure resonant frequency, and to denve a 
^s. one d,mension for the antenna elements giving a required antenna elements 

freuuencv characteristic: and 
15 manufactunng from the same batch of matenal a plurahty ot antennas wuh a 

balun sleeve and antenna elements having the derived dimens.ons. 

34 A method according to claim 33. wherem the test core is cylindrical and is made 

with an axtal passage, and the passage is metallised over a section thereof wh.ch „ 

20 coextensive with the balun sleeve. 

A method according to claim 33. wherem the test core is cylindncal and is made 
wuh an ax.al passage, and the passage ,s metallised over the whole of its length. 

a 36. A method according to clatm 34 or claim 35. wherem the said sleeve dimension 

is its axial length. 

37 A method according to any of chums 34 to 36. wherein the sa.d dimension for 

the antenna elements is the length of a, leas, some of the antenna elements. 

' 30 ,g A method according to any of clarms 34 ,0 36. wherem the sa.d dimension for 

^e antenna elements is the axial extern of the antenna elements, the satd axial extent betng 

the same for each of the antenna elements. 
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39 An antenna constructed and arranged substantially as 
nerein described and shown in the drawings. 


the method 

40. A method or maKxuy ° < - v _ 

b ein, substantially as herein described with rererence to 

the drawings. 


A method of making a plurality of antennas, 
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